To describe thermal perception differences in terms of a diversity of urban ecological environments, influences of dry bulb temperature, wet bulb temperature, and black globe temperature on individual thermal perceptions responding to various ecological environments have been explored. After relationships of these temperatures on subjective thermal environment evaluations have been studied, the quality of human settlements could be predicted in advance and the results will be used to guide urban designers and planners theoretically in their practices.
Introduction
It has caused great concern about cities increasingly hot issue because of the expansion of the city and serious ecological destruction. Different urban ecological environment has different thermal comfort effects. However, the correlation between them is not very clear. The factors affecting the human body thermal comfort include temperature, humidity and wind speed. Correspondingly, three measurable indices reflecting the overall thermal comfort of the environment conclude dry bulb temperature, wet bulb temperature and black globe temperature. At present, people mainly use dry bulb temperature to judge the thermal comfort, which is quite different from the actual situation. From the temperature measurement process, dry-bulb temperature is the measured temperature of thermometer in normal air, avoiding radiation and moisture interference, that is, the general weather forecast temperature [1] [2] ; wet bulb temperature is equal to dry bulb temperature at the same enthalpy value of the air, when the air is saturated with water vapor [3] ; black globe tem-perature refers to the actual sensory temperature under the radiation heat environment exposed to the effect of radiant and convective heat combined, namely effective temperature [4] . Thus, the three temperatures reflect thermal comfort of human body under the conditions of temperature, humidity, and wind speed [5] . Understanding the relationship between the three kinds of temperature and thermal comfort, the thermal comfort in different environments can be inferred, and then objectively express the thermal comfort of different ecological environments.
In order to compare the thermal conditions of different urban ecological environments under the same climatic conditions, the selection of comfort index is very important. In this regard, scholars at home and abroad have carried out lots of research work [6] [7] [8] [9] . Based on the monitoring data of dry bulb temperature, wet bulb temperature and black globe temperature of Shenzhen National Climate Observatory in three different ecological environment areas, this article studied the thermal comfort of people, explored the difference of thermal comfort in different urban ecological environmental conditions and revealed the relationship between urban ecological environment and thermal comfort, then provide guidance for urban planning, design and weather forecast.
Research Method

Field Studies
To explore the urban thermal comfort in different ecological environments, this study selects three typical eco-environmental areas, Caiwuwei, Longgang and Xichong, based on the environmental characteristics and climate of Shenzhen. The three regions respectively present ecological environment area of less urban construction, urban development area under construction and development, and the built-up area of urbanization completed. Caiwuwei is located in the core commercial area in Luohu district of Shenzhen. The development intensity and urban density of the area are larger, reflecting the characteristics of urbanization and high density of ecological environment (the floor area ratio is about 8); Longgang is located in the northeastern part of Shenzhen, the secondary development area. And its urbanization degree is not too high, with low density and development intensity of the ecological environment characteristics (the floor area ratio is about 3); Xichong is the southernmost of Dapeng Peninsula of Shenzhen. It is an eco-tourism area, with no city-level development, reflecting the pure nature of the ecological environment characteristics (the floor area ratio is less than 1). The data of dry bulb temperature, wet bulb temperature and black globe temperature of the meteorological substations in the three typical areas are got as the thermal environmental indicators.
To study the relationship between ecological environment and thermal comfort in various urban environments, the surveys on thermal comfort need to conduct. Therefore it is the key issue to determine the survey time. According to the data of different periods of a day from May to October, the dry bulb temperature, wet bulb temperature and black globe temperature were statistically analyzed. It is found that temperature in June, July, August and September is higher than those in May and October. From the various periods of different regions, the temperature is relatively high in July. Therefore, the study selected a day of early July for researching high-temperature thermal comfort, and selected a day in June and August for researching summer general thermal comfort. Specific research time based on the actual weather conditions was determined in the July 12 (high temperature days) and June 28 and August 22 (summer general days) in 2015.
Social Survey Design
The questionnaire concludes two parts, one part is to collect personal information, including: age, gender, wear, diet, behavioral characteristics etc. This part of the survey content is to grasp the social background of the respondents. Then the subjective hot comfort differences can be excluded, caused by the individual differences in the statistical analysis subsequently. The other part is to explore the thermal comfort of the respondents through six questions. A 7-scale measurement is used to define subjective evaluations of thermal comfort in various environments, in which 7 stands for the worst and 1 stands for the best. The filed survey questionnaire is conducted in the area of 1.5 km on the meteorological observation points in Caiwuwei, Longgang and Xichong on July 12, June 28 and August 22, 2015, including three periods of a day: morning (9:00-12:00), afternoon (14:00-17:00) and evening (18:00-20:00). In addition to field survey, network questionnaire is also applied. Since most of the network questionnaire fillers are indoors, the network questionnaire adds the questions of "indoor or outdoor", "if in the room, whether having the cooling measurement, what kinds of ventilation cooling measurement" and other issues. In addition, for the respondents indoor, in addition to the evaluation of instant experience of thermal comfort, it requires the evaluation of thermal comfort outdoor. Besides, questionnaires are tested in advance, and then the revised questionnaires are used as formal questionnaire. And the thermal comfort and perceptions of ecological environment in different cities is analyzed by combining the field survey and social questionnaire. Fig. 1 shows the changes of dry bulb temperature, wet bulb temperature and black globe temperature in the three monitoring sites of Caiwuwei, Longgang and Xichong on June 28, July 12 and August 22. The data of Caiwuwei and Xichong on July 12 are missed due to instrument failure, as well as the date of wet bulb temperature in Longgang on June 28. It can be seen that the variation of black globe temperature is the largest in one day. This is related to solar radiation. As there is no sun at night, black globe temperature is low. In addition, in Caiwuwei, the range of wet bulb temperature is too large on June 28. The daily variation of dry bulb and other wet bulb temperature are not significant. Overall, dry bulb and wet bulb temperature is low in Xichong, black globe temperature is high. In Longgang and Caiwuwei, dry bulb and wet bulb temperature is close to, but higher than the Xichong at dry bulb temperaure. The black ball temperature in Caiwuwei is lower. The dry bulb and wet bulb temperature of Xichong change little in one day. And the variation of black ball temperature in Longgang is complicated. Table 1 analyzes the correlation of dry bulb temperature, wet bulb temperature and black globe temperature at three research sites in Caiwuwei, Longgang and Xichong. According to the table, the correlation of three kinds of temperature is very high. There is a significant correlation between the dry bulb temperature, wet bulb temperature and black globe temperature, except for dry bulb temperature and black globe temperature, wet bulb temperature and black globe temperature at the Longgang on July 12. And the correlation is positive. It indicates that the dry bulb temperature, wet bulb temperature and black globe temperature have a consistent tendency, namely when one temperature is high, the other temperatures are also high. From the correlation coefficient, the correlation of dry bulb temperature and wet bulb temperature is generally higher than their correlation with the black globe temperature. It indicates that the relationship between dry bulb temperature and wet bulb temperature is more closely. From the three sites, the correlation of dry bulb temperature, wet bulb temperature and black globe temperature in Xichong is obviously higher than other sites, while Longgang is the lowest. 
Result Analysis
Thermal Environment Analysis
Thermal Environment Perceptions Evaluations
Thermal comfort has a great relationship with suitable temperature expected for people. Figure 2 analyzed suitable temperature required from field survey and network survey. The figure shows, the suitable temperature suggested by the field survey respondents is lower than the temperature from network respondents. Generally, most people think the suitable temperature is between 25 °C-31 °C. According to the average value of suitable temperature from field and network survey. But it is found that the suitable temperature of field survey is 27.03 °C and the suitable temperature of network survey is 27.31 °C. This result is higher than the results of related studies [10] . Fig. 3 shows the sum of thermal comfort evaluation in three research sites for over three survey days. And it also shows that the thermal comfort evaluation of network questionnaire over time. It can be seen from the table that the data of thermal comfort in field survey is basically normal distribution, but the network's is nonnormal distribution. And the evaluation results of field and network are different. According to the results of the field research, the thermal comfort of Xichong is better than Caiwuwei and Longgang. From the analysis results of the network evaluation, thermal comfort on June 28 is slightly better than the other days. In addition, the outdoor thermal comfort evaluation of network questionnaire is lower than field survey. This is related to the network respondents who are most indoors. In addition to thermal comfort perception, the thermal physiological feeling is also an important indicator of thermal environment quality. Table 2 shows the proportion of heatstroke, dehydration and thirst in the three survey sites. The table shows that the proportion of heatstroke and dehydration is less, and most people feel thirsty. In addition, more than 10 % people get heatstroke feelings on June 28 in Longgang and Xichong, and there are also about 10 % people who have heatstroke feelings in Longgang and Xichong on July 12. Overall, people who get heatstroke are more than dehydration. Except for June 28, people with heatstroke and dehydration feelings in Caiwuwei are less than Longgang and Xichong. Because the evaluation of thermal comfort may be related to the subjective background, the study analyzes age, gender, health, clothing, diet, whether in direct sunlight, indoors or outdoors (for network survey), whether to use air conditioning (for the network survey) and other factors. The result shows that the proportion of male and female is close to, both in the field and network survey. The majority is young people in the field research. The proportion of young people increases in network survey respondents. The health of respondents in field and network survey is the same basically. Most of them are in good health and less than 1 % is in poor health. The result reflects the healthy condition of people. In addition, from the clothing, most of the respondents are wearing summer outdoor uniforms, such as shorts or trousers, short-sleeved or long-sleeved. People wearing little or a lot is little. Slightly different is that more people wear less (such as: swimsuit) in Xichong. From the diet, only 1 drinks hot drink, which can be ignored. Most of respondents are without diet. In addition, the respondents with diet are slightly more in Xichong. The result of the analysis on whether or not in the sun shows that most of the respondents are not in direct sunlight. But nearly 20 % is in direct sunlight, most in Xichong. The above analysis doesn't include network survey because network suverys is basically indoors, and clothing, diet, and whether in direct sunlight have no effect on the thermal environment evaluation outdoor. Table 3 analyzes the relationship between respondents' subjective factors and thermal environment evaluation. It can be seen, there are little impact on the thermal environment evaluations for age, gender. The thermal environment evaluation of respondents is only related to the air conditioning rather than subjective factors in network Questionnaire. Air conditioning factor and thermal environment evaluation is negatively correlated, indicating that in an air-conditioned environment, people's heat sensitivity is higher, and the evaluation of outdoor thermal environment is worse. Therefore the colder in the indoor environment, the hotter people feel in the outdoor. The thermal environment evaluation of the respondents in the field survey is associated with health, clothing, diet and exposure to direct sunlight, indicating the healthier, the less clothing, and people eating cold drink have good thermal perceptions. Note: In addition to the relationship between variables indicated and evaluations of thermal comfort and thermal perceptions using the difference analysis, the rest are Spearman correlation analysis in the table
Analysis of Influence Factors on Thermal Environment
From the analysis of section 3 we can find that, for different urban environment, dry bulb temperature, wet bulb temperature and black globe temperature are not the same at the same time. And the thermal environment evaluation results also show that the thermal environment evaluation is not the same at the same time for different research sites. In order to understand the influence of temperature parameters (dry bulb temperature, wet bulb temperature and black globe temperature) on thermal environment evaluation, table 4 analyzes the relationship between temperature parameters and thermal environment evaluation. Among them, data of wet bulb temperature on June 28 in Longgang is not analyzed because of measurement problems. According to table 4, the impact of three kinds of temperature on thermal comfort evaluation is small. But the impact on thermal perceptions is larger. There is significantly correlation between the temperature parameters and thermal comfort only in two research days, and the time and sites are not the same. From the thermal comfort evaluation, the correlation between the dry bulb temperature and the thermal comfort evaluation of Caiwuwei is relatively high, and the wet bulb temperature has some correlations with thermal comfort evaluation. But the time is different. There are also some correlations between the black globe temperature and thermal comfort evaluation of Longgang and Xichong, and the time is not the same, too. It can be seen that the change of temperature parameter has no significant effect on thermal comfort during the high temperature in the summer. Since only Longgang have the data of July 12, and there is significant correlation between the black globe temperature and thermal comfort, indicating in high temperature days (July 12 is the hottest day at three research day, see Figure 1 ), the effect of black globe temperature on thermal comfort evaluation is significant. And different from thermal comfort evaluation in table 4, the effect of temperature parameters on thermal perceptions evaluation is significant. The effect of the dry bulb temperature on the thermal perceptions evaluation is significant at the three research sites on August 22, and the wet bulb temperature at Longgang and Xichong has significant effect on the thermal perceptions evaluation. In addition, the dry bulb temperature of Xichong on June 28 has a significant effect on the thermal perceptions evaluation. The wet bulb temperature of Caiwuwei and Xichong has significant effect on the thermal perceptions evaluation. And the black globe temperature in Xichong has a significant effect on the thermal perceptions. Besides, black globe temperature has a significant effect on the thermal perceptions in Longgang on July 12, which is consistent with the thermal comfort evaluation. Because the correlation between thermal comfort and thermal perceptions evaluation is found to be very high, correlation coefficient reaching 0.714, it can be concluded when thermal perceptions is poor in environment, thermal comfort is also poor. Table 5 analyzes the effects of dry bulb temperature, wet bulb temperature, and black ball temperature on dehydration, heatstroke and other physiological feelings. As weather is not only causing for thirsty, there may be other reasons. And the proportion of thirsty is far larger than heatstroke and dehydration, and there has no significant relationship between them. So there is no need to explore the relationship between thirsty and temperature. Table 5 shows the mean value of dry bulb temperature, wet bulb temperature, and black globe temperature when people have heatstroke and dehydration feelings. From the analysis results of the three research time periods in three research sites, it is found that when having the feeling of heatstroke, dry bulb temperature is 30 °C-35 °C; wet bulb temperature is 26 °C-34 °C; and black globe temperature is 37 °C-54 °C. When having the feeling of dehydration, the dry bulb temperature is 29 °C-35 °C; the wet bulb temperature is 26 °C-34 °C; and the black globe temperature is 37 °C-52 °C. Therefore, compared to dehydration, dry bulb temperature, wet bulb temperature, and black globe temperature of heatstroke are higher.
Tab. 4: Analysis of influence factors on thermal environment evaluation
Conclusion
This study analyzes the thermal environment of summer hot weather in three different urban ecological environments: Caiwuwei, Longgang and Xichong of Shenzhen. First, from the data of dry bulb temperature, wet bulb temperature and black globe temperature, the dry bulb temperature is lower, and black globe temperature is higher in Xichong. In Caiwuwai, wet bulb temperature and black globe temperature is lower. From the thermal environmental perceptions evaluation, thermal comfort and thermal perceptions in Xichong is the best, and Caiwuwei and Longgang have not obvious difference. Overall, the urban ecological environment has a certain impact on the thermal environment. The thermal environment, where the ecological environment is intact, without urban development such as Xichong, is better than urban construction and development area. However, as the urban construction and development zones for Caiwuwei and Longgang, whose construction density is very different (the floor area ratio respectively is 8 and 3), the thermal comfort of them is not very different. Thus, urban development and construction approach have a great impact on thermal environment. From analysis, dry bulb temperature, wet bulb temperature, and black globe temperature have consistency. But dry bulb temperature and wet bulb temperature have greater relevance, reflecting thermal environment comfort. While the black globe temperature more reflects the impact of thermal environment on people's physiology. It is found that the better the ecological environment is, the closer the dry bulb and the wet bulb temperature are to thermal comfort. However, the black globe temperature is different. It is more controlled by shading elements (such as building density, tree, forest, mountain, etc.). Although the thermal environment is mainly affected by external conditions, the study also shows that environmental background and people's subjective behavior can play a role. For example, people indoor on the thermal comfort temperature requirement is lower than the people outdoor. And clothing, food, direct sunlight and other subjective alternative behaviors also have an impact on the thermal perceptions.
